Abstract-Pedestrian detection is the key technology in Advanced Driver Assistant System (ADAS).Until recently, pedestrian detection, which is realized as the vehicle equipment, still doesn't have the mature product. So, this thesis proposes a novel pedestrian detection system on board with the E-HOG (Histogram of Gradient) IP (intellectual property), can be used as the real time vehicle equipment. Three contributions are made in this thesis. Firstly, Sobel operator cascaded Uniform Local Binary Pattern (LBP) and E-HOG is the novel structure of pedestrian detection system. The Sobel operator gives the sliding step of Uniform LBP detection window, without using the results of LBP detection window. Through this operation, the detection speed will be improved. Second, the vehicle equipment of pedestrian detection is self-developed using FPGA as core devices. Third, E-HOG IP, which is promoted based on the HOG, can extract pedestrian or other objects feature. Without sacrifice of accuracy, this pedestrian detection on board deals with 30 fps (640x480 pixels) and can be used as the real-time detection system.
I. INTRODUCTION
One of the main causes of fatality all over the world is the road accidents. These accidents come out a massive economic cost on the government and people. So, numerous researchers and automobile manufactures with strong affinity for functional surround view cameras study the Advanced Driver Assistance System(ADAS).The goal of ADAS is to achieve zero fatalities through an active or passive safety system [1] [2] . Pedestrian detection is a key technology in ADAS. After several years of development, pedestrian detection now exhibit many efficient algorithms. Covariance matrices [3] , Like-Haar [4] , Multi-feature [5] , Histogram of gradient (HOG) [6] , DPM [7] , Sparse coding [8] and Convolutional Neural Network CNN [9] are well known algorithms for extracting pedestrian feature. Nevertheless, Boosting [10] , Support Vector Machine (SVM) [11] [12] and MRF [13] are also most frequently used to classify whether pedestrian zone or not.
But the command point is that many researchers improve the performance of pedestrian detection system by proposing more complicated algorithms or transplanting to better hardware platform.
Despite the good performances of these systems, due to the complex background and variable contour lines in the pedestrian, the problems of pedestrian detection is that real-time and accuracy can't balance very well in the vehicle equipment. Such as, Oncel et al. utilize complicated covariance matrices as feature descriptors for extracting pedestrians' feature. The d-dimensional non-singular covariance matrices can be represented as a connected Riemannian manifold. This algorithm used for pedestrian detection can reach 99.8 percent at the specified detection and 35.8 percent at the rejection rates on Daimler data set [3] . Benenson et al. speed up the processing speed from testing to training time based on CPU with GPU desktop machine [14] . This wellknown monocular system can deal with 135 fps. Others, pedestrian detection systems sometimes are utilized by FPGA with CPU or GPU. Bauer et al. designs the pedestrian detection structure that incorporates FPGA for feature extraction and GPU for classification on the desktop, which can handle 640x480 pixels under 100ms [15] . But, if these algorithms or systems have the huge drawback to be transplanted into the hardware system: huge computation and memory, which aren't suited as vehicle equipment.
So in order to solve these problems, this thesis proposes a unify framework and designs the hardware system with the E-HOG IP. Three contributions are made in this paper.
(1)To find a better solution about the pedestrian detection on board, a unify structure for pedestrian detection is designed: Sobel operator cascaded Uniform LBP and E-HOG based on the Linear-SVM. This structure of pedestrian detection is divided into three stages. Sobel operator is used to calculate the steps of sliding window as the first stage in this system. According to sliding step, the Uniform LBP is used to extract Regions Of Interest (ROIs). The E-HOG, which is the promote HOG, determines whether pedestrian zone or not in the last stage.
(2)The vehicle equipment of pedestrian detection system using FPGA is developed. This hardware includes one FPGA, three SDRAMs, one camera and some other interfaces.
(3) In order to decrease the hardware overload and improve detection speed, the E-HOG IP is designed, and can be used as the accelerator for this detection system on board.
The experiment shows that this pedestrian detection with E-HOG IP can process 30 fps and satisfy the real-time without using GPU or CPU. This is the low-cost vehicle equipment for pedestrian detection.
The organization is designed as follows. After a general introduction of the pedestrian detection, the unify structure of pedestrian detection is explained in section II. The pedestrian detection on board will be discussed in section III. In section IV, the evaluation of E-HOG IP, system and vehicle equipment has been presented. The lecture has been concluded in section V.
II. RELATED THEORY OF PEDESTRIAN DETECTION

Region Location through Sobel operator
Sobel operator is the effective descriptor for edge detection. It is actually the first order discrete operator and calculates the similarity of image gray. The convolution factor is showed in the function (1) and (2).
In order to decrease the calculation, the function (3) generates the gradient value. The threshold value is used to calculate the Sobel value. If the Sobel gradient value is bigger than the threshold, this pixel will be set 1.If the value is smaller, this pixel will be set 0. After this operation, the Sobel image will be generated, as Figure Because the Sobel operator isn't suited to human vision, it is difficult to detect pedestrians directly. In this paper, the Sobel operator is used to calculate the margin gray. The whole Sobel image will be divided into the 8x8 pixels as one block .The corresponding block has no overlap.
In function (4), ( , ) S i j stands for the Sobel value and (m, n) for the serial numbers in one block;
( , ) S i j is 1 or 0; ( , ) SI m n is the integral Sobel value in one block. of Sobel Operator is smaller than o (64x128+59).So the speed of detection will be improved.
(The experiment will be given in §4.2.)
E-HOG with high-speed
Thought of E-HOG is that the body shape is described through gradient and marginal density orientation. Let's suppose ( , ) H x y is for the pixel value of (x, y).Then, the gradient of (x, y) are calculated by function (6) .
Next step is to generate the magnitude and orientation of pixel.
( , ) M x y stands for the magnitude and ( , )
x y θ for the orientation.
Third step is to construct the histogram using magnitude and orientation, called tri-linear interpolation.
In function (9) and (10) x y θ . In order to promote the processing speed, the tri-linear interpolation will be redesigned.
About the orientation, the orientation is projected into 1 bin. According to this theory, function (9) and (10) are changed to:
The location projections are changed with the corresponding distance to block center. Let's suppose one cell is divided into dash line zone and stone line zone as Figure. The magnitude of one pixel will make contribution to the other three cells in one block. If one pixel locates in the stone line, then the function (10) is changed to the function (12) . The magnitude of one pixel, which locates in this zone, just makes the contribution to its own block, which is located.
The histogram of E-HOG is constructed by function (14)： Last operation of E-HOG is the normalization. L1-norm, L2-norm and L1-sqrt are the methods to normalize the features. In E-HOG, the L2-norm is adopted. function. In this thesis, the Linear SVM is adopted in this paper. The kernel function in Linear SVM is defined as:
Then, the function of Linear SVM is expressed by:
2.4 Three stages for real-time pedestrian detection system A novel structure of pedestrian detection system is designed with three stages: Sobel operation as first stage, LBP as second stage, and E-HOG as last stage, which is showed in Figure. 4. Because the LBP and Uniform LBP theory are discussed in many papers, we won't explain any more [16] [17] [18] .
In Figure. 4, the frames are firstly scaled and sheared to extract the effective zone of one image. 'Data_in' is the 8 bit inputting pixels; 'Ready_in' and 'Rst' is the 1 bit control signal separately. In the output terminal, 'Data_out' is the 16 bit E-HOG feature. 'Ready_out' is also the 1-bit control signal, which stands for the ready of 'Data_out'.
One 256x32bits single port SRAM is required. Because the data stored in the SRAM is generated discretely, the memory-size 256x32 is just proper for this integrate circuits. In the output of E-HOG, the width of data is 16bit. Then, 32bit features will be divided into high 16 bit and low 16bit. One 32bit E-HOG feature will be transmitted into the FPGA in two clock cycles.
Real-time vehicle equipment of pedestrian detection
In order to decrease hardware overload and improve detection speed, the vehicle equipment is self-developed as Figure. module, SRAM module and DVI module. In the backboard, one SDRAM is also used to store the data.
The frames are firstly acquired by camera, which is the MT9M111 of MICRON. The 1280x1024 pixels can't work well because of the huge data. So, the image size from MT9M111 is 640x480 pixels. I2C_config, CCD_CAPTURE and CCD_to_RGB modules are used to receive the pixel values from MT9M11. Two SDRAMs on the core board and one SDRAM on the backboard have different functions. Because of the graying image are used in the FPGA many times, the graying data stores to SDRAM in core board, which is labeled SDRAM_1. And the Red, Green and Blue data from MT9M11 are stored to SDRAM in backboard, which is labeled SDRAM_2.
Figure.5 Actual object picture
In order to decrease the calculation of Uniform LBP detection window, the 'time for space' is used to store all Uniform LBP features to SDRAM. The second stage can't calculate all detection windows in one time. So, the location of detection windows will be stored to SDRAM_2. At the same time, the LBP features are reading from the SDRAM_3 and calculate with SVM.
Because of infinite source of hardware, this pedestrian detection system will be cost about 97%
hardware overload of FPGA without using E-HOG IP. So E-HOG IP is developed into the integrated circuits as hardware accelerator.
Figure. In order to evaluate the performance, three methods: Matlab, FPGA and ASIC, are used. The video (640x480 pixels) is acquired by camera about 40 minutes to detect pedestrians. Because this system justly is the model devices, the camera of pedestrian detection is to detect the pedestrians across the screen. Except the evaluation performance of pedestrian detection system, the evaluation of E-HOG is also made.
Evaluation of E-HOG IP
The evaluation of integrated circuits IP are chosen by FPGA and ASIC separately. Firstly, the E-HOG is realized on the FPGA-Cyclone III. Table 1 lists the hardware overload using FPGA with the E-HOG IP. Table 2 lists the result report of traditionally HOG from the Dollar's paper.
From the Table 1 and Table 2 , the E-HOG can decrease 23.4% hardware cost than the traditionally HOG. The memory size just has the one third memory size of traditionally HOG.
Except the evaluation using FPGA, another method is to evaluate the performance using ASIC. Total Memory bits 16384 2 Figure. Figure. 13 Performance of E-HOG and Sobel-LBP-E-HOG Table 3 lists the processing time of different methods: HOG, E-HOG, LBP-HOG and Our method.
From the Table 3 , we can see that the three stages can be used about 32ms, which satisfy the realtime. The second stage transfer the ROIs to the E-HOG in third stage is just two or three detection windows more than the pedestrians in reality.
In the hardware, the crystal of E-HOG IP can be changed. When the frequency of crystal is 80Mhz, this pedestrian detection can process 15 fps. But the fact is that the hardware platform of pedestrian detection just chooses Cyclone III as the center unit, with one E-HOG IP. Then, this pedestrian detection can process 30 fps with 160 Mhz based on the existing results of experiment.
If a couple of the E-HOG IPs is paralleled on the hardware structure, the detection speed can be faster than the 30 fps. This detection speed can satisfy the demand of real-time.
V. CONCLUSION
This thesis discusses a unify structure for pedestrian detection system to solve detection speed.
The Sobel algorithm is used to calculate the sliding step of detection window of Uniform LBP.
